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DELAY TIME OPTIMIZING METHOD 



PUB. NO. : 
PUBLISHED: 
INVENTOR (s) : 

APPLICANT (s) 

APPL. NO. : 
FILED: 
INTL CLASS: 
JAPIO CLASS: 



JOURNAL : 



63-280301 [JP 63280301 A] 
November 17, 1988 (19881117) 
SHIMIZU TSUGUO 
KAGEYAMA NAOHIRO 

HITACHI LTD [000510] (A Japanese Company or Corporation), JP 
(Japan) 

62-114591 [JP 87114591] 
May 13, 1987 (19870513) 

[4] G05B-013/00; G06F-015/56 ; G06F-015/60 

22.3 (MACHINERY — Control & Regulation); 42.4 (ELECTRONICS 
-- Basic Circuits); 45.4 (INFORMATION PROCESSING — Computer 
Applications ) 

Section: P, Section No. 840, Vol. 13, No. 98, Pg. 130, March 
08, 1989 (19890308) 



ABSTRACT 

PURPOSE: To suppress the increase of the number of gates by detecting a 
critical path which does not fulfill a delay time condition in a logic 
circuit and changing the number of stages of logic so that the delay time 
condition is fulfilled. 



CONSTITUTION: This delay time optimizing method consists of a delay time 
optimizing system 100, a logic element table 200, and a critical path 
table 200, and the system 100 consists of a critical path detecting part 
110, a critical path dividing part 120, and a logic stage number optimizing 
part 130. The logic element table 200 has names, connection relation 
information, and functions of all logic elements in the logic circuit 
as the design object, and they are inputted to said path detecting part 
110. Logic elements on critical paths in the table 200 are stored in 
said path table 300, and they are inputted to the dividing part 120 and the 
logic stage number optimizing part 130. Then, the delay time is obtained 
for each logic element to calculate the delay time of the whole of one 
path. 
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PUB. NO. : 
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INVENTOR (s) : 
APPLICANT (s) 

APPL. NO. : 
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58-014257 [JP 58014257 A] 
January 27, 1983 (19830127) 
KAWATO NOBUAKI 

FUJITSU LTD [000522] (A Japanese Company or Corporation), JP 
(Japan) 

56-111901 [JP 81111901] 
July 17, 1981 (19810717) 
[3] G06F-011/28 

4 5.1 (INFORMATION PROCESSING — Arithmetic Sequence Units) 
Section: P, Section No. 190, Vol. 07, No. 87, Pg. 96, April 
12, 1983 (19830412) 



ABSTRACT 

PURPOSE: To constitute a system suitable for a logical simulation, by 
constituting a status section storing connecting information of a 
logical circuit and the circuit status with a plurality of storage 
blocks and operating units so that a parallel processing can be possible 
for the operation . 



CONSTITUTION: A cont rol^lct ion 5 controls the processir^Process for the 

entire device. Data corresponding to an event table are stored in an 
event section 6 and the data are transmitted to a status section 7 as 
required. The status section 7 is constituted with a plurality of blocks 
for possible pipeline processing and data corresponding to an element 

table , and input value table and an output table are stored in the 
section 7. An operation section 8 consists of a plurality of operation 

units, the decision of a new status value of elements is executed in 
parallel and the result is transmitted to the event section 6. 



23/5/3 (Item 1 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 
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015693367 **Image available** 

WPI Acc No: 2003-755556/200371 

XRPX Acc No: N03-605381 

Replication of data at multiple devices in data distribution 
system, involves updating history of data object at another 
device by transmitting required atom from given device to other 
device 

Patent Assignee: NEXTPAGE INC (NEXT-N) ; BARNETT R C (BARN- I ) ; NGO J T 
(NGO J- I) 

Inventor: BARNETT R C; NGO T J; NGO J T 

Number of Countries: 102 Number of Patents: 003 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 20030145020 Al 20030731 US 200259233 A 20020131 200371 B 
WO 200365223 Al 20030807 WO 2003US2750 A 20030131 200371 
AU 2003210739 Al 20030902 AU 2003210739 A 20030131 200422 

Priority Applications (No Type Date) : US 200259233 A 20020131 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 

US 20030145020 Al 21 G06F-017/30 

WO 200365223 Al E G06F-012/00 

Designated States (National) : AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA 
CH CN CO CR CU CZ DE DK DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN 
IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ 
OM PH PL PT RO RU SC SD SE SG SK SL TJ TM TN TR TT TZ UA UG US UZ VC VN 
- YU ZA ZM ZW 

Designated States (Regional) : AT BE BG CH CY CZ DE DK EA EE ES FI FR GB 
GH GM GR HU IE IT KE LS LU MC MW MZ NL OA PT SD SE SI SK SL SZ TR TZ UG 
ZM ZW 

AU 2003210739 Al G06F-012/00 Based on patent WO 200365223 

Abstract (Basic) : US 20030145020 Al 

NOVELTY - The method involves adding an atom (26,28,30,32,34,36) 
of a first type to an atom graph (24) in a store at a given device 
when an operation is performed on a data object (22) at the given 
device. The history of the data object at another device is 
updated by transmitting the atom , which is present in the store at 
the given device but is absent in the store at the other device, from 
the given device to the other device. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for a 
data replicating system. 

USE - For replication of data at multiple devices in data 
distribution system. 

ADVANTAGE - Provides framework for data replication which can 
support long periods of disconnection and is compatible with each data 
flow technique for replication . 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
atom graph for data object. 

Data object (22) 
Atom graph (24) 
Atom (26, 28, 30,32, 34,36) 

pp; 21 DwgNo 2/8 
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Title Terms: REPLICA; DA r flP MULTIPLE; DEVICE; DATA; DISTR^^:E; SYSTEM; 

UPDATE ; HISTORY ; DATA; OBJECT; DEVICE; TRANSMIT ; REQUIRE; ATOM ; 

DEVICE; DEVICE 
Derwent Class: T01 

International Patent Class (Main) : G06F-012/00 ; G06F-017/30 
International Patent Class (Additional): G06F-015/167 ; G06F-015/1677 ; 
G06F-017/21 ; G06F-017/211 

File Segment: EPI 
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Related WPI Acc No: 1999-276911; 2000-663688; 2001-327610; 2001-440312; 
2002-130081 

XRPX Acc No: N97-159450 

On-line, transparent data migration system for replacement of data 
storage sub-system - in which host computer reads data from and writes 
data to data storage device which includes data elements currently 
being accessed by host computer 

Patent Assignee: EMC CORP (EMCE-N) 

Inventor: OFEK Y; YANAI M 

Number of Countries: 020 Number of Patents: 008 
Patent Family: 
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Priority Applications 
Cited Patents: US 3771 
Patent Details: 
Patent No Kind Lan Pg 
WO 9709676 Al E 32 

Designated States ( 

Designated States { 

NL PT SE 
EP 789877 Al E 

Designated States ( 
US 5680640 A 13 
JP 10508967 W 34 
KR 97707492 A 
EP 1160654 Al E 



(No Type Date) 
137 

Main IPC 
G06F-012/00 
National) : JP 
Regional) : AT 

G06F-012/00 
Regional) : DE 
G06F-013/10 
G06F-012/00 
G06F-012/00 
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: US 95522903 A 19950901 



Designated States (Regional) : DE 
EP 789877 Bl E G06F-012/00 



Designated States (Regional) : DE 
DE 69622253 E G06F-012/00 



Filing Notes 
KR 

BE CH DE DK ES FI FR GB GR IE IT LU MC 

Based on patent WO 9709676 
FR GB IT 

Based on patent WO 9709676 
Based on patent WO 9709676 
Div ex application EP 96930609 
Div ex patent EP 789877 
FR GB IT 

Related to application EP 2001203306 
Related to patent EP 1160654 
Based on patent WO 9709676 
FR GB IT 
Based on patent EP 789877 
Based on patent WO 9709676 



Abstract (Basic) : WO 9709^1 A 

The system (25,27) provides on-line, real-time, transparent data 
migration from a first data storage system (14) to a second data 
storage system (16) which is interposed between a host (12) and the 
first data storage system. A data map (24) identifies data elements 
stored in the second data storage system and corresponding data 
elements copied from the first to the second data storage system. 

In response to a host data request, the second data memory 
retrieves the data if it is stored there. Otherwise, the second data 
storage system retrieves the data from the first data storage system, 
writes the data to itself and updates the data map. When not busy 
servicing requests, the second data storage system copies data from the 
first to the second data storage device independently of any 
coupled host . 

USE - On-line replacement of existing data storage sub-system in 
e.g processing centres of business and e.g banks, airlines and 
insurance companies etc. 

ADVANTAGE - Allows for new or second data storage system to be 
connected to existing host or other processing system with no time loss 
in access to data stored in first system. 

Dwg .1/4 

Title Terms: LINE; TRANSPARENT; DATA; MIGRATION; SYSTEM; REPLACE; DATA; 

STORAGE; SUB; SYSTEM; HOST; COMPUTER; READ; DATA; WRITING; DATA; DATA; 

STORAGE; DEVICE; DATA; ELEMENT ; CURRENT; ACCESS; HOST; COMPUTER 
Derwent Class: T01 

International Patent Class (Main) : G06F-003/06 ; G06F-012/00 ; 
G06F-013/10 

International Patent Class (Additional) : G06F-011/14 ; G06F-012/08 ; 
G06F-013/00 

File Segment: EPI 
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WPI Acc No: 1985-068593/198512 

XRPX Acc No: N85-051436 

Swi tenable element matrix scanning for microprocessor keyboard - 
using control and shift leads for state change of element and 
connecting logic gate to 2 output leads 

Patent Assignee: AT & T BELL LAB (AMTT ); WESTERN ELECTRIC CO INC (AMTT ) 

Inventor: MUSSMAN R F 

Number of Countries: 002 Number of Patents: 002 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

CA 1182928 A 19850219 CA 418110 A 19821220 198512 B 

US 4554530 A 19851119 198549 

Priority Applications (No Type Date) : US 81333066 A 19811221 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
CA 1182928 A 21 

Abstract (Basic) : CA 1182928 A 

The matrix is scanned by employing all available output ports. A 
state change on leads of a port is sensed for retrieving the switched 

status of the elements of the matrix, and in the event a change 
is sensed, a code associated with the switched element is reported on 
at least one lead, the lead being connected in parallel to the matrix 
and a second processor . 

A logic gate connected to the two output scanning leads whose 
states have been changed transmits a strobe signal to the data 
processor indicating the presence of the translated code of the 
switched element . Simultaneously, the translated code is made 
available for reading on other parallel-connected output leads. 
Alternatively , serial transmission is provided in that the states of 



THIS PAGE BLANK (w™) 



both leads to the logl^gate change simultaneously i^^ccordance with 
the code to be sent. 

ADVANTAGE - Scanning capacity of microprocessor is increased 
without application of peripheral interface adapter circuit and without 
increasing quantity of data input and output leads. 

3/7 

Title Terms: SWITCH; ELEMENT ; MATRIX; SCAN; MICROPROCESSOR; KEYBOARD; 

CONTROL; SHIFT; LEAD; STATE; CHANGE ; ELEMENT ; CONNECT; LOGIC; GATE; 

OUTPUT; LEAD 
Derwent Class: T01; T04 

International Patent Class (Additional) : G06F-003/02 
File Segment: EPI 
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DIALOG (R) File 202: Info. Sci. & Tech. Abs . 
(c) 2004 EBSCO Publishing. All rts . reserv. 

2902653 

Multiport memory and method of operation thereof. 

Author(s): Iwase, S 

Patent Number (s): US 5349561 

Publication Date: Sep 20, 1994 

Language: English 

Document Type : Patent 

Record Type: Abstract ... 
Journal Announcement: 2900 

A multiport memory having a plurality of serial output ports includes a 
semiconductor memory for storing data in a plurality of memory 
elements arrayed in rows and columns and coupled by respective row and 
column connecting lines. A first register stores data read in parallel 
from the semiconductor memory via the connecting lines of one of the 
rows and column of the arrayed memory elements and serves to supply the 
data stored therein in serial form to a first one of the serial output 
ports. The first register is also operative to supply the data stored 
therein in parallel to a second register for storage therein. The second 
register is operative to supply the data stored therein to a second one 
of the serial output ports. 

Descriptors: Information storage ; Memory ; Multiprocessing; Operating 
systems 

Classification Codes and Description: 5.04 (Advanced Computing, Parallel 

Processing); 5.07 ( Storage ) 
Main Heading: Information Processing and Control 
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DIALOG (R) File 2 : INSPEC 

(c) 2004 Institution of Electrical Engineers. All rts. reserv. 

5658743 INSPEC Abstract Number: B9709-8110B-161, C9709-7410B-138 

Title: Evaluating and assessing a necessary generation change in network 
control systems & 

Author (s): Aundrup, T.; Lantermann, J.; Gruning, M. ; Aschower, N. 
Author Affiliation: VEW Energie AG, Germany 

Conference Title: CIRED. 14th International Conference and Exhibition on 
Electricity Distribution. Part 1: Contributions (Conf. Publ . No. 438) 
Part vol.4 p. 4/1-5 vol.4 

Publisher: I EE, London, UK 

Publication Date: 1997 Country of Publication: UK 7 vol. 

(xxxi+254+vi+180+228+ix+238+vi+196+166+224) pp. 

ISBN: 0 85296 674 1 Material Identity Number: XX97-01550 

Conference Title: Proceedings of 14th Biennial International Conference 

and Exhibition on Electricity Distribution (Distributing Power for the 

Millennium) 

Conference Date: 2-5 June 1997 Conference Location: Birmingham, UK 
Language: English Document Type: Conference Paper (PA) 
Treatment: Applications (A); Practical (P) 

Abstract: As a result of the rapidly advancing computer and 
communications technologies, a major technological shift is expected to 
take place within the next 5 to 10 years. Among other benefits, it will 
then be possible for one and the same digital network to be used for voice 
communication , data exchanged and office communications . As a result, 
the cost of operating a power systems will be reduced considerably. 
Standardized interfaces and protocols will allow the computer system to be 
connected to the data network. Companies will increasingly aim at 
centralizing all data acquisition and maintenance work so as to eventually 
be able to eliminate redundant data maintenance activities previously 
performed on different computers . The introduction of open-system 



capabilities in the maWframe * computer system, as a^^rst step in the 
upgrading process, would allow the power system to be monitored from remote 
locations. Malfunction and switching-state information would be 
transmitted in the form text messages. In a second step, graphical 
representation of the power system's operating status and even functions 
allowing network elements to be controlled in the graphics mode could be 
implemented. This would require a high-capacity data network and 
appropriate means of ensuring clear identification of transmitting and 
receiving stations. The power system could then be operated in two rather 
than three shifts. A stand-by crew on night duty could receive relevant 
information via a data line, allowing costs to be reduced even further. 
More importantly,, the physical and psychological strain currently placed on, 
the operating staff by their three-shift work will be eased, thus 
humanizing their working conditions without compromising system security. 
(3 Refs) 

Subfile: B C 

Descriptors: digital communication ; management information systems; 
open systems; power system control; power system security; protocols; 
substations ; telecontrol 

Identifiers: power' network control systems; generation change ; computer 
technologies; communications technologies; digital telecommunication 
network; interface standardisation; protocol standardisation; open-system 
capabilities; mainframe computer system; graphical representation; power 
system security 

Class Codes: B8110B (Power system management, operation and economics); 
B6210J (Telemetry); B6210L (Computer communications); B8375 (Substations); 
B6150M (Protocols); C7410B (Power engineering computing); C3340H (Control 
of electric power systems.) ; C7420 (Control engineering computing) ; C3250 
(Telecontrol and telemetering components) ; C5620 (Computer networks and 
techniques); C5640 (Protocols) 

Copyright 1997, I EE 
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In this paper, some experiences of using the concurrent functional language Erlang to 
implement a classical vertical application, a risk management information system, are 
presented. Due to the complex nature of the business logic and the interactions involved in 
the client/server architecture deployed, traditional development techniques are 
unsatisfactory. First, the nature of the problem suggests an iterative design approach. The 
use of abstractions (functional patterns) and compositionality ( ... 
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* ABSTRACT 



We describe extensions to the Excel spreadsheet that integrate user-defined functions into the 
spreadsheet grid, rather than treating them as a "bolt-on". Our first objective was to bring the 
benefits of additional programming language features to a system that is often not recognised as a 
programming language. Second, in a project involving the evolution of a well-established language, 
compatibility with previous versions is a major issue, and maintaining this compatibility was our 
second objective. Third and most important, the commercial success of spreadsheets is largely due to 
the fact that many people find them more usable than programming languages for programming-like 

• tasks. Thus, our third objective (with resulting constraints) was to maintain this usability 
advantage. Simply making Excel more like a conventional programming language would not meet 
these objectives and constraints. We have therefore taken an approach to our design work that 
emphasises the cognitive requirements of the user as a primary design criterion. The analytic 
approach that we demonstrate in this project is based on recent developments in the study of 
programming usability, including the Cognitive Dimensions of Notations and the Attention Investment 
model of abstraction use. We believe that this approach is also applicable to the design and extension 
of other programming languages and environments. 
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Data Modeling of Time-Based Media 

Simon Gibbs, University de Gen&ve 
Christian Breiteneder, Universitaet Wien 
Dennis Tsichritzis, University de Geneve and GMD Bonn 



ABSTRACT Many aspects of time-based media - complex 
data encoding, compression, "quality factors," timing - ap- 
pear problematic from a data modeling standpoint. This paper 
proposes timed streams as the basic abstraction for modeling 
time-based media. Several media-independent structuring 
mechanisms are introduced and a data model is presented 
which, rather than leaving the interpretation of multimedia 
data to applications, addresses the complex organization and 
relationships present in multimedia. 

1 INTRODUCTION 

There is a qualitative difference between time-based media 
and the forms of data traditionally stored in database systems. 
Time-based media, including digital audio and digital video, 
music and animation, involve notions of data flow, timing, 
temporal composition and synchronization. These notions 
are foreign to conventional data models and, as a result, con- 
ventional data models are not well suited to multimedia data- 
base systems in general. 

Multimedia requires a broad perspective, one accounting for 
both time-based media and other forms of data, This paper 
takes a step in this direction by proposing a data model for 
time-based media. Its main contributions are the develop- 
ment of a model, which encompasses many forms of time- 
based media found in practice, and the identification of three 
general structuring mechanisms for time-based media 

1.1 Prior Work 

There has been considerable prior work on modeling multi- 
media data (e.g., [2] [4] [8] [13] [21] [22]) and a number of these 
proposals have been implemented in the context of multime- 
dia document systems [2] [4] or as multimedia extensions to 
existing database systems [21][22]. 

Much of this earlier work has focussed on text and images, 
while time-based media have received less attention - per- 
haps because of their tremendous processing and storage de- 
mands (for example, one second of high quality digital video 
can occupy tens of Mbytes). Now, however, advances in com- 

2*™^°" to copy without fee all or part of this material Is 
%l?ll~ P tne c °P ,es are 001 mad * or distributed for 

Sif^^ mme J? al , advanta g*. the ACM copyright notice and the 



pression technology and the continually decreasing costs of 
memory and processing cycles are making the use of time- 
based media viable. As a result there is a need for multimedia 
databases coming from two new directions. First, new multi- 
media applications such as video on-demand services and vir- 
tual environments stand to benefit from access to large data- 
bases of time- based material. Second, the vast "clip media" 
repositories now being assembled are often loosely organized 
collections of flies and lack the power and flexibility of data- 
bases. 

1.2 From Blobs to Streams 

Recent proposals for multimedia database systems have in- 
troduced a BLOB (binary large object) data type intended for 
images and other very large values (e.g., [3][7][16]). While 
the storage of very large values is necessary for multimedia 
databases, it is not sufficient. The database system should also 
have some understanding about the internal structure of 
BLOBs - it must be able to "interpret" the data. There are 
many reasons for this. First, if the database does not maintain 
this structural information then the task is left to applications. 
In other words, information about data structure is separated 
from the data itself - a situation database systems were ex- 
plicitly designed to avoid. Second, the structural information 
needed to interpret time-based media is complex, if it is lost it 
may be extremely difficult or infeasible to reconstruct and one 
is left with meaningless data. Preserving this information is 
crucial and the task should not be left to applications. Third, 
knowing the structure of time-based media permits sophisti- 
cated querying. For example, consider a digital movie with 
audio tracks in different languages. If the movie is represent- 
ed structurally, rather than as a long uninterpreted byte se- 
quence, it is possible to issue queries which select a specific 
sound track, or select a specific duration, or perhaps retrieve 
frames at a specific visual fidelity. Fourth, presenting time- 
based media requires timing information. Using a BLOB data 
type it is possible to read and write time-based media but, 
since no timing information is available to the database sys- 
tem, the more relevant operations of "play" and "record" have 
no meaning. Finally, structural information is needed when 
updating time-based media. For example, editing systems for 
digital audio and digital video take great care to perform non- 
destructive modifications: rather than reading and writing 
vast amounts of daia in order to accomplish a modification, 
references to structures within the data are manipulated. The 
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* ABSTRACT 

This paper describes the architecture of a RISC based multiprocessor chip. The processors operate in 
a MIMD fashion executing parallel instruction streams generated by a parallelizing compiler for the 
exploitation of fine-grained parallelism. Low cost synchronization mechanisms are supported in 
hardware. The resulting system is tolerant of unpredicatable delays in the progress of individual 
streams. Instruction level parallelism is exploited through the use of register channels and a 
mechanism for the collective branching of processors. For efficient synchronization during parallel 
execution of loops, fuzzy barriers are provided. On chip memory is organized into multiple banks in 
order to provide sufficient bandwidth for the processors. The RISC processors are based upon the 
Sun SPARC architecture. 
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* ABSTRACT 

This paper describes the architecture of a RISC based multiprocessor chip. The processors operate in 
a MIMD fashion executing parallel instruction streams generated by a parallelizing compiler for the 
exploitation of fine-grained parallelism. Low cost synchronization mechanisms are supported in 
hardware. The resulting system is tolerant of unpredicatable delays in the progress of individual 
streams. Instruction level parallelism is exploited through the use of register channels and a 
mechanism for the collective branching of processors. For efficient synchronization during parallel 
execution of loops, fuzzy barriers are provided. On chip memory is organized into multiple banks in 
order to provide sufficient bandwidth for the processors. The RISC processors are based upon the 
Sun SPARC architecture. 
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ABSTRACT 

The concept of time in traditional distributed systems has 
been inherited in the Computer-Supported Collaborative 
Work (CSCW) literature. The following assumptions have 
generally been made: (J) Events are atomic and their 
durations do not matter. (2) Total ordering of events can 
be achieved by some mechanical algorithm. (3) The 
relationship between events is determined solely by time 
(causal relationship). However, we observe that these 
assumptions are not appropriate if the goal is to faithfully 
preserve user intentions in collaborative systems. In 
particular, we discuss why and how these assumptions 
should be relaxed or removed in the design of 
collaborative editing systems. 

1 INTRODUCTION 

The concept of time and the ordering of events arc 
correlated key issues in distributed systems. In the original 
paper of Lamport [10], each site maintains a logical clock 
which is advanced independently by local event 
executions and is adjusted by die clock values 
piggybacked on events which are executed by remote 
sites. Later, Fidge [7] and Mattern [16] independently 
proposed to use vector timestamps instead. In the 
collaborative editing community, Ellis [6] used state 
vectors which are fundamentally similar to vector 
timestamps. This new paradigm of logical times preserves 
the inherent partial ordering of events in distributed 
systems more faithfully [8]. 

Since its proposal in 1989, the dOPT (distributed 
operational transformation) algorithm [6] has incurred 
much research interest in the collaborative editing 
community (e.g. [2, 17, 19, 20, 22, 23]). This family of 
operational transformation based algorithms recognized 
the effect of non-negligible network latency and attempted 
to achieve high responsiveness by executing editing 
commands on the local document replicas immediately. 
Concurrent operations are properly transformed and the 
three important consistency properties are well maintained 
[23], namely, convergence, causality preservation, and 
intention preservation. Of particular interest in this paper 
is to address some issues which have been largely 
neglected in the collaborative editing literature. 

In a synchronous group drawing session, multiple users 
may be drawing on the whiteboard simultaneously. As one 
receives an operation say b from another user, the 
processing (or delivery, as was termed in [1]) of b actually 
means an atomic sequence of two steps: First, render b on 
the screen. Second, use the timestamp of b to adjust the 



local time. We define the causal relationship between two 
drawing operations x and y as follows: 

1. If an operation jc is performed before y by the same 
user, then we say x causes y, denoted by x -» y. 

2. If an operation y is performed by a user after the 
delivery of x which was performed by another user, 
then x -> y. 

3. If there exists an operation z such that x -> z and z -» 
y, then x -» y. 

If neither x -* y nor y -» x, then we say x and y are 
concurrent, denoted by jc| |y. For the different replicas of 
the same document to converge eventually, a total order < 
must be agreed upon across all sites regarding such 
concurrent operations. The total order between x and y is 
relevant As operations are rendered on the screen, x is 
always rendered before y if x < y. Hence if x < y then 
object y may cover (part of) x if they happen to overlap. 
Two operations x and y are commutative if either x < y or 
y < x does not change the appearance of the whiteboard 
screen. We actually care only about die total ordering of 
noncommutative operations in this paper. Also note that 
the terms object and operation are sometimes used 
exchangeable 

We observe that the following assumptions are generally 
made in the collaborative editing (as well as the 
distributed computing) literature. First, events are atomic 
and their execution times are negligible. Secondly, the 
total ordering of events can be achieved by some 
mechanical algorithm, e.g. according to the sort order of 
the host address if there is a tie. Thirdly, the relationship 
between events is determined solely by time (causal 
relationship). However, we discovered that these 
assumptions, although sufficient in the traditional 
distributed applications, are no longer appropriate to 
faithfully preserve user intentions in collaborative systems 
generally and group editing or drawing in particular. 

In this paper, we discuss why and how these assumptions 
must be relaxed or removed in the design of collaborative 
editing systems. Specifically, Section 2 explains how the 
duration of events impacts the user intention. Section 3 
allows the user to participate in the decision of total 
ordering between concurrent events. In Section 4 we 
further allow the User to define active rules on objects 
which maintain various relationships as well as integrity 
constraints based on particular application semantics. A 
brief account on enforcing causal relationships is given in 
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